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RARE-EARTH AND BARTUM ABUNDANCES IN THE BUNUNU HOWARDITE

John A. Philpotts
C. C. Schnetzler
H. H. Thomas
Geochemistry Laboratory
Laboratory for Theoretical Studies
Goddard Space Flight Center
Greenbelt, Maryland

Abundances of the rare-earth elements and barium in the Bununu
howardite (U. S. National Museum #1571) have been determined by mass-
spectrometric stable-isotope dilution (1). Briefly, the analytical
technique consists of dissolving the sample, adding isotopic "spikes'" of
the rare-earths and barium, and concentrating these elements by passing
the solution through an ion-exchange column. No attempt was made to
separate the rare-earths from each other or from other elements with
similar partition coefficients. Isotopic analysis was done with a
triple-filament, solid-source mass-spectrometer.

The results of the rare-earth and barium analyses are given in
Table 1. The precisions (o) shown are only internal in that they are
the standard deviation of the mean of the number of determinations (n),
each determination being calculated from two scans of the appropriate
mass region. The data have been normalized to hypothetical chondritic
abundances based on a comparison of the analyses of rare-earths in
eucrites by Schmitt et al. (2, 3) with our unpublished analyses. For
comparison, the data also have been normalized to the average rare-earth
abundances in chondrites determined by neutron activation by Schmitt
et al. (3) and the average barium abundance determined by Reed et il' 4).
The two sets of normalized data agree within 15%. The normalized
abundances of the rare-earths and barium in Bununu are shown in Fig. 1;

the error bars denote plus and minus two standard deviations of the mean.
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The Bununu meteorite fell in central Nigeria in 1942. A petrographic
and chemical description has been given by Mason (5). The dominance of
hypersthene over pigeonite and the chemical composition show that
Bununu is a howardite rather than a eucrite.

Bununu is the first howardite to be analyzed for the rare-earths.
Because of the considerable confusion in the criteria of distinction
between eucrites and howardites (5), Schmitt et al. (2) incorrectly
termed Neuvo Laredo a howardite in reporting its rare-earth contents.
The normalized plot in Fig. 1 of the rare-earths and barium in Bunuﬁu
shows that although the absolute abundances are some five times higher
than those in the average chondrite, the relative abundances of these
elements are the same as those in chondrites. The Bununu howardite is
therefore one of a group of meteorites including chondrites, mesosiderites
and eucrites (2, 3) in which the rare earths have the same relative
abundances. This group might be termed an "unfractionated sequence."
The ranges of published normalized rare-earth abundances for the members
of this "unfractionated sequence'" are shown in Fig. 1; the mesosiderite
data were determined only on the silicate phases.

The chemical and petrographic variations found in the calcium-rich
achondrites (eucrites and howardites) have been interpreted in terms of
igneous differentiation processes (5, 6, 7, 8), perhaps with fractional
volatilization playing a role (9). The trace element data on these
meteorites impose strict limitations on the type of differentiation that
may have occurred and serve to distinguish the meteoritic "trend' from
some types of terrestrial igneous differentiation in which relative

fractionation of the rare-earths has occurred.
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If the calcium-rich achondrites and perhaps the mesosiderites belong
to a co-genetic igneous sequence, then their unfractionated rare-earth
patterns permit only two possible types of residual solid: (a) a solid,
composed of one or more phases, which contains significant amounts of
rare-earths relative to the melt but which is itself unfractionated,
or (b) a solid which, compared to the melt, is so depleted in rare-earths
that their relative abundances in the solid would have a negligible
affect on those in the melt. The first possibility would entail the
subtraction of a member of the "unfractionated" meteorite sequence from
another member with higher rare-earth abundances (assuming that the
rare-earth partition coefficients are less than unity) to produce another
member with still higher rare-earth abundances. Our unpublished analyses
of rare-earths in the two dominant phases of the eucrites, pigeonite and
plagioclase, however, show both to have fractionated patterns. Such
a differentiation scheme would therefore involve a solid with a surprising
balance between the proportions of these two phases and their rare-earth
contents. 1In addition, the meteorite sequence is not only unfractionated
for the rare-earths and barium but published data indicate that it is
also probably essentially unfractionated for a number of other elements
including uranium (4), thorium (10), yttrium (2, 3), strontium (11, 12,
13), and titanium (8, 14, 15); that is, the relative abundances of
these elements are essentially the same throughout the sequence.

It therefore seems more probable that this meteorite sequence
originated through the subtraction of a solid with very low abundances
of the rare-earths (and the other unfractionated trace elements). Rare-

earth data (2, 3) indicate that this solid might be either olivine or
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hypersthene. The lack of any great variation in the silica contents of

the calcium-rich achondrites (5, 6, 7, 8) favors hypersthene. Thus one

can imagine the subtraction of hypersthene from a howardite melt during
igneous differentiation resulting in an eutectoid eucrite melt. Conversely
howardites might represent a mixture of eucrite melt and solid hypersthene.
In view of the brecciation of most calcium-rich achondrites, a mechanical
mixture of eucrite and hypersthene achondrites (diogenites) is also
possible. On the basis of petrographic and major-element chemical

criteria alone, the probable genetic relation between hypersthene

achondrites and calcium-rich achondrites has been recognized (5, 6, 7, 8).

The rare-earth data support this relationship and indicate further that
the proportion of pigeonite to plagioclase is essentially the same
throughout the sequence.

Rare-earth abundances in oceanic tholeiites (16) and our unpublished
data on basic and ultrabasic rocks suggest that a similar '"unfractionated
sequence' exists for terrestrial rocks.

We thank Roy Clarke and Brian Mason of the U. S. National Museum

for donating the sample of Bununu used in this investigation.
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Figure 1

FIGURE CAPTIONS

Chondrite-normalized rare-earth and barium abundances in the
Bununu howsrdite. The ranges for published analyses of encrites,
mesosiderites and chondrites are indicated by the cross-hatched

areas.
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